Musumecia, a new genus of Agaricales, is described to accommodate the new species Musumecia bettlachensis. Based on a combined ITS-and LSU-rDNA Bayesian, Maximum Likelihood and Maximum Parsimony analysis, Musumecia clearly clusters within the Tricholomatoid clade, where it is sister to Pseudoclitocybe. Musumecia is distinguished from allied genera by a unique combination of macro-and micromorphological characters, including basidiomes with a clitocyboid/hygrophoroid habit, emerging from a fleshy pseudosclerotial mass (pseudosclerotium), decurrent and thick lamellae, a brown darkening of both lamellae and stipe, whitish-cream spore print, elongated nonsiderophilous basidia, smooth, acyanophilous and inamyloid basidiospores, and the absence of both cystidia and clamp-connections.
Recent multigene phylogenetic analyses focused on Agaricales (Matheny et al. 2006 ) have led to the recognition of several monophyletic clades. Among these, the well supported Tricholomatoid clade encompasses four families, the Tricholomataceae R. Heim ex Pouzar s.s, the Lyophyllaceae Jülich, the Entolomataceae Kotl. & Pouzar, the Mycenaceae Overeem, and the Catathelasma clade (Matheny et al. 2006 , Ammirati et al. 2007 . Recent work by Binder et al. (2010) and Vizzini et al. (2010a) indicate that Infundibulicybe Harmaja, Pseudoclitocybe (Singer) Singer, Trichocybe Vizzini, and Singerocybe Harmaja can be included in the Tricholomatoid clade as well.
The aim of this study is to describe a new genus, Musumecia, to accommodate Musumecia bettlachensis sp. nov., a fungus collected from France. According to molecular and morphological features it belongs to the Tricholomatoid clade and is inassimilable to any of the extant genera.
Material and methods

Morphology
The micromorphological descriptions are based upon study of herbarium material. The observations of microscopic characters were made on dried material rehydrated in 3% KOH and stained in Congo red, Cresyl Blue, Cotton Blue and Melzer's reagent. Cotton Blue was also used to check the siderophilous granulation in the basidia (Baroni 1981) . Spore measurements are based on means of 90 spores from three collections, stained in Melzer's reagent. The width of basidia was measured at the widest part, and the length was measured from the apex (sterigmata excluded) to the basal septum. In the macro-and micromorphological descriptions the following abbreviations are used: Q=the quotient of length and width of the spores in side view; Qm=average quotient; L=no. of entire lamellae; l=no. of lamellulae between each pair of entire lamellae. Colour designations in the format "(4A1)" refer to plate, column, and row of Kornerup and Wanscher (1978) . Herbarium abbreviations are according to Thiers (2011 
DNA extraction, PCR amplification, and DNA sequencing
Genomic DNA was isolated from 1 mg of herbarium specimens (Table 1) , by using the DNeasy Plant Mini Kit according to the manufacturer's instructions. Universal primers ITS1F/ITS4 were used for the ITS region amplification (White et al. 1990, Gardes and Bruns 1993) and primers LR0R/LR7 (Vilgalys and Hester 1990, Vilgalys lab, unpubl., <www.botany.duke.edu/fungi/mycolab>) for the LSU rDNA amplification. Amplification reactions were performed in a PE9700 thermal cycler following Vizzini et al. (2010b) . The PCR products were purified with the AMPure XP kit and sequenced by DiNAMYCODE srl and MACROGEN Inc. The sequences were assembled and edited with the phred/phrap/consed software suite. The sequences were submitted to GenBank (accession no. in Table 1 , Fig. 4) , and the alignments and phylogenetic tree are available at TreeBASE (<www.treebase.org>) under accession no. 11507. 
Sequence alignment and phylogenetic analysis
The sequences obtained in this study were checked and assembled using Geneious (Drummond et al. 2011) , and compared to those available in the GenBank database (<www.ncbi.nlm.nih.gov/Genbank/>) using the blastn algorithm. Based on the blastn results, sequences were selected according to the outcomes of recent phylogenetic studies on Agaricales (Matheny et al. 2006 , Binder et al. 2010 . A combined analysis of ITS and LSU sequences was carried out using sequences from the same strain or specimen. Xeromphalina campanella (GU320006, GU320009) was used as outgroup. Single alignment for each dataset was generated using MAFFT (Katoh et al. 2002) with default conditions for gap openings and gap extension penalties. The sequence alignment, its manual adjustment, and the best-fit models estimation follow Vizzini et al. (2010b) . The GTR+G and GTR+I+G substitution models were used in the ITS and LSU analysis, respectively. A partitioned matrix was used in all the analyses. Molecular-phylogenetic analyses were performed using the Bayesian Inference (BI), Maximum Likelihood (ML) and Maximum Parsimony (MP) approaches. BI of phylogeny using Monte Carlo Markov Chains (MCMC) was carried out with MrBayes (Huelsenbeck and Ronquist 2001) . Four incrementally heated simultaneous MCMC were run over 10 000 000 generations, under model assumption. Trees were sampled every 1000 generations resulting in an overall sampling of 10 001 trees. The "burn-in" value was evaluated using Tracer (Rambaut and Drummond 2007) . The first 20% of trees was discarded as "burn-in". For the remaining trees, a majority rule consensus tree showing all compatible partitions was computed to obtain estimates for Bayesian Posterior Probabilities (BPP). Branch lengths were estimated as mean values over the sampled trees. Only BPP values over 50% are reported in the resulting trees. This Bayesian analysis was repeated three times, always using random starting trees and random starting values for model parameters to test the independence of the results from the revisiting of the prior topologies during chain growth (Huelsenbeck et al. 2002) . ML estimation was performed through RAxML (Stamatakis 2006) with 1000 bootstrap replicates (Felsenstein 1985) using the GTRGAMMA and GTRGAMMAI (for ITS and LSU, respectively) algorithm to perform a tree inference and search for a good topology. Support values from bootstrapping runs (MLB) were mapped on the globally best tree using the -f a option of RAxML and -x 12345 as a random seed to invoke the novel rapid bootstrapping algorithm. MP analysis was performed using PAUP* (Swofford 2002 ) using the heuristic search mode with 100 random addition sequence replicates and tree bisection-reconnection (TBR) branch swapping, but keeping only 10 trees per replicate in order to discover possible islands of maximum parsimony. All character states were treated as unordered and equally weighted. Gaps were treated as missing data. Branch robustness was estimated by nonparametric bootstrapping (Felsenstein 1985) with 500 replicates with 10 random addition replicates per bootstrap. Only bootstrap values over 50% are visualized in the resulting tree (MPB). Support values for major clades that are supported in BI, ML and MP are visualized in the resulting tree. pairwise% identity values for the Musumecia bettlachensis and closely related sequences were calculated using MEGA (Tamura et al. 2007 ).
Musumecia Vizzini & Contu gen. nov.
Mycobank no. MB 561609
Habitus hygrophoroideus vel clitocyboideus. A genero Pseudoclitocybe, cui proximus est, differt lamellis distantibus spissisque, sporis haud amyloideis atque in structura molecularis DNAe (spatiis internis transcriptis ITS et LSU).
Type: Musumecia bettlachensis sp. nov.
Etymology
Named after the Swiss mycologist Enzo Musumeci, the collector of the species.
Musumecia bettlachensis Vizzini & Contu sp. nov. (Fig. 1-3 Pileus 2-8 cm broad, subglobose-hemispheric at first, with the disc slightly umbonate, then expanding to plane, finally shallowly depressed; margin broadly decurved and inrolled at first, then horizontal, finally broadly undulate, not pellucid-striate, sometimes minutely ribbed. Surface dry, not hygrophanous, at first sericeous, finely tomentose-fibrillose streaked with fine fibrils, then glabrous and smooth in age; colour pure white (4A1), ivory-white (4 B2 C2) or cream-white (5A3), with darker sordid cream-brown (5C3) spots when moist or in age. Lamellae [L=(20) 25-32; l=1-2(3)] interspersed with lamellulae, broadly adnate at first, becoming decurrent to long decurrent, distant, thick, 2-6 mm broad, rarely anastomosed, at times intervenose or forked towards the stipe; at first pale salmon-pink (8A2), then becoming ochre-yellow (3A3-4) and finally greyish-brown (4D4), with an even concolorous edge. Stipe 2-8×0.5-1.0 cm, cylindrical or somewhat broadened towards the apex, slightly bulbous at the base, usually flexuous, subcartilagineous to fleshy, solid then fistulose, caespitose, arising from a white pseudosclerotioid flattened mass incorporating plant debris and particles of soil (Fig. 1a) ; surface finely pruinose-floccose, at first concolorous with the pileus, then brownish (4D4, 4E5). Rhizomorphs present, conspicuous, white (Fig. 2a) . Context quite firm, fibrous in the stipe, whitish cream with alutaceous hues (3A3-4), 4-7(10) mm thick at pileus disc. Smell faint but unpleasant, taste mild. Spore-print (on pileus): whitish-cream (4A3). Spores: (5) 5.5-8.5×3.5-5.0 μm, on average 7.0×4.2 μm, Q=1.4-1.8, Qm=1.65, hyaline, smooth, wall thin or somewhat thickened, mono-biguttulate, inamyloid, non-dextrinoid, acyanophilous, ellipsoid to subamygdaliform, rarely cylindrical in face view, pyriform to lacrymoid in profile, not in tetrads (Fig. 3a) . Basidia 32-45×5-8 μm, clavate to narrowly clavate, not siderophilous, usually 4-spored, rarely 2-spored (Fig. 3b) . Subhymenium filamentous. Hymenophoral trama regular to subregular, hymenopodial layer consists of 3-12 μm wide hyphae, central trama made up of 8-30 μm wide hyphae, slightly thick-walled, long cylindrical to subphysaloid, rarely allantoid, hyaline, not encrusted. Cheilocystidia and pleurocystidia absent. Pileipellis a slightly gelified cutis; hyphae 4-17 μm wide, cylindrical or sinuate, smooth, hyaline or pale yellow in KOH, with scattered erect and repent terminal elements, cylindrical to fusiform-lageniform, 30-60×3.5-8.0 μm; pigment parietal when present, faintly yellow in KOH (Fig. 3c) . Pileitrama hyphae 6-32 μm in diameter, cylindrical, broadly cylindrical, subphysaloid or inflated, smooth, walls usually slightly thickened, refractive, hyaline to faintly yellow in KOH, with rare pseudoclamps. Stipitipellis slightly gelified, hyphae 4-18 μm wide, slightly pigmented, not encrusted, thick-walled (wall up to 0.8 μm thick), with scattered, caulocystidia-like, clavate to pyriform or forked at apex, erect and repent terminal cells (Fig. 3d) . Stipititrama hyphae 5-30 μm wide, cylindrical-subphysaloid, swollen at times, rarely suballantoid and thick-walled (wall up to 0.8 μm thick). Thromboplerous hyphae (= oleiferous hyphae sensu Clémençon 2004) rare. Clamp connections absent in whole basidiome. Pseudosclerotial mass of hyaline, thin-walled and clampless, 3-12 μm wide hyphae intermixed with rare thromboplerous hyphae.
Habitat and distribution
Densely gregarious and caespitose, emerging from a conglobate fleshy pseudosclerotial mass in a mixed wood with Abies alba and Fraxinus excelsior, on argillose to stony-sandy soil, collected under Abies alba together with Lyophyllum boudieri, Mycena rosea, Pterula subulata, Macrocystidia cucumis, Stropharia cyanea, Galerina stylifera and Lactarius salmonicolor. Autumn. The new species is so far known only from the type locality.
Etymology
The specific epithet refers to Bettlach, the French locality where the type collection was made.
Additional specimens examined (paratypes)
France: Alsace, Dept. Haut Rhin, Bettlach, 460 m a.s.l., 2 Oct 2010 (over 100 basidiomata), leg. E. Musumeci (type: TO HG2284, duplicate in herb. pers. Musumeci 6423-10); 9 Oct 2010 leg. E. Musumeci (25 basidiomata, herb. pers. Musumeci 6500-10); 15 Oct 2010 (4 basidiomata), leg. E. Musumeci (herb. pers. Musumeci 7020-10).
Molecular analyses
The amplification of the ITS and LSU regions was successful for the Musumecia bettlachensis, Pseudoclitocybe cyathiformis (Bull.) Singer, and P. expallens (Pers.) M. M. Moser specimens, yielding a PCR product ranging from 650-699 bp (ITS) and from 1097-1423 bp (LSU). Comparing these sequences with those from GenBank revealed that Musumecia bettlachensis belongs to the Tricholomatoid clade as defined by Matheny et al. (2006) and Binder et al. (2010) . The ITS data matrix comprises a total of 51 sequences (including 48 from GenBank). This dataset is 813 base pairs long, and contains 524 (64.5%) variable sites. Of these, 402 (49.4%) are parsimony-informative. The LSU data matrix comprises a total of 50 sequences (including 47 from GenBank). This dataset is 1122 base pairs long, and contains 330 (29.4%) variable sites. Of these, 206 (18.4%) are parsimonyinformative. The combined dataset comprises a total of 54 taxa (including 48 from GenBank) and is 1935 base pairs long. The topologies of the combined ITS and LSU Bayesian, Maximum Likelihood and Maximum Parsimony trees are congruent, and all the analyses have reported high support values for most branches (Fig. 4) . Musumecia bettlachensis clusters sister to Pseudoclitocybe sequences, forming a strongly supported clade with 100% branch support in all the performed analyses. Within this clade, the five Pseudoclitocybe sequences (four of P. cyathiformis and one of P. expallens) display a pairwise% identity of 96.2% and 99.5% for the ITS and the LSU regions, respectively. The Musumecia bettlachensis sequences compared with the five Pseudoclitocybe show a pairwise% identity of 92.9% (ITS) and 97.6% (LSU). The resulting Musumecia and Pseudoclitocybe clade is in turn sister to a clade formed by Omphalina pyxidata (Bull.) Quél. and Infundibulicybe.
Discussion
Based on our phylogenetic analysis of the Tricholomatoid clade (Fig. 4) 
